Introduction: Type 2 Diabetes mellitus is chronic metabolic disorder characterized by hyperglycemia resulting from insulin secretion, insulin action, or both and accounts for over 95% cases globally. Uncontrolled diabetes may result to complications (retinopathy, nephropathy, neuropathy leading to amputations, stroke, heart attack and sexual dysfunction), glycated hemoglobin below 7.0% is recommended for good prognosis.The study determined factors associated with glycemic control, among T2DM patient attending Mathari National and Referral Hospital Nairobi, Kenya.
Introduction
Diabetes Mellitus is a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both. Prolonged hyperglycemia due to diabetes may result to long-term irreversible organ damage like dysfunction, and failure of different organs, especially the eyes, kidneys, nerves, heart, and blood vessels [1] .
In the start of 20th century the disease was not considered a medical priority in Africa unlike today where the world is facing a fast growing number of people living with diabetes with a big number coming from low resource settings regions. Studies done have demonstrated increased incidences in diabetes mellitus [2] .
The global prevalence of DM is 8.3% which translates to 382 million people and if nothing is done, the number of people with DM is projected to rise up to 552 million cases by the year 2030 [3] . A study in Australia estimated that, for every 5 newly diagnosed cases of diabetes, there are 4 undiagnosed cases [4] .
A study done by [5] estimated that DM is on the rise at the recent past with at least every four out of five people with diabetes living in low and middle income countries. Suboptimal glycemic control may lead to early onset of irreversible diabetes complications which include retinopathy leading to blindness; nephropathy leading to renal failure; peripheral neuropathy with risk of foot ulcers, amputations, and autonomic neuropathy causing gastrointestinal, genitourinary, and cardiovascular symptoms and sexual dysfunction [6] .
The estimated global expenditure on diabetes is about USD 465 billion out of which 80% is attributed to developed countries and only 20% is available for the developing countries [3] . In United States of America alone diabetes costed the health care system $ 245 in the year 2012 for both (Direct and indirect), this translated to an average medical expenditures among people living with diabetes to be 2.3 higher than people without diabetes [7] .
In Kenya the social economic burden of the disease and its related complications remains a nightmare. This includes cost of treatment, availability of and supply of monitoring equipment, medication and hospitalization. As a result patients and relatives incur both direct and indirect cost due to low productivity, loss of income and diversion of family resources to the disease management [8] .
The numbers of Disability have adjusted Life Years in Mexico due to diabetes increase from 7.31% in 1995 to 9.21% in the year 2005, this attributed to amputations at 2·62%, to 5·83% as a result of retinopathy, and 0·94% due to diabetic foot and neuropathy. [9] . Despite the world considering victory of diabetes care among people living with diabetes, there is relatively low and unavailable technology, and access to affordable high-quality essential medicines is still lacking which is the key in ensuring good-quality of care this patients need [10] .
A recent study by the ministry of health indicated that inadequate training of primary health care workers, lack of access to essential diabetes medication and technology, low level of awareness and failure to proper documentation of diabetes data has resulted to sub-optimal glycemic controls among patients. Though there is no evidence for diabetes budget patients die from early onset of irreversible complications [8] .
Though there is no enough documented data, a study done in Kenya and Uganda indicated that the prevalence of T2DM in the general population to be 12% in urban parts of Kenya, rural Uganda at 0.6% [11] . It is estimated that in every 30 seconds, a person living with diabetes loses a limb through amputation. Kenya has not been spared in this pandemic the country is facing a rapid epidemiological transition as a result of technological advancements that are changing lifestyle behaviors [12] .
Majority of Kenyans living with diabetes are elderly with limited knowledge about diabetes, negative attitudes and poor management practices about the disease [8] . Socio-economic aspect may influence health outcomes through individual health behaviors, access to care, and processes of care. A substantial body of literature demonstrates that in the general population, material and social deprivation are directly related to disease incidence and prevalence and inversely related to health status [13] .
Kenya has been rated number 140 out of 190 countries in terms of healthcare system [14] . Cities all across Africa, and indeed the world, are facing many of the same problems. The prevalence of diabetic foot ulcers was 4.6% in a tertiary clinic. The risk factors of diabetic foot ulcers in the study were poor glycemic control, diastolic hypertension, dyslipidemia, infection and poor self-care, thus specific attention should be paid to the management of these risk factors in patients with or without diabetes foot ulcers in this clinic [15] .
Testing urine for albumin-to-Creatinine ratio for T2DM patients reflects whether there is exertion of albumin thus being accepted as an indicator that may predicts co-morbidities of public health outcomes in T2DM which include hypertension and renal failure [16] . Diabetes has been rated to be the leading cause of kidney disease, heart disease, stroke, adult blindness and non-traumatic lower limb amputations [17] .Increasing diabetes prevalence has been reported to be associated with increased diabetes complications among them retinopathy, and if patient's glycemic control is not optimal this complication will be inevitable [18] .
The trend of type 2 diabetes patients is on the rise and this call for more similar studies to support Mathari National, Teaching and Referral Hospital achieve its standard of care to diabetes patients. The diabetes outpatient clinic has registered 700 T2DM patients with the number increasing since 2008.
Methods

Study design and settings
This was a descriptive cross sectional study conducted between year the 2015 and 2016. The study population were living with T2DM aged 35 years and above. The consenting participant were attending MNRTH, Nairobi County for management of diabetes. Sample size determination was arrived at 149 participants using the [19] .Setting α 0.05 was used.
Data Collection
Structured face to face Interviews
Participants were interviewed using a structured questionnaire and Focus group discussion guide. The researcher and two research assistance conducted a face to face interview to the recruited study participants who consented after being explained the process of gathering the information related to factors associated with glycemic control among T2DM. The Questionnaire was translated in Swahili language for easier understanding. Each interview took between 30-45 minutes
Collection of blood and urine samples
All the participants had been advised and prepared to fast for at least eight hours before the sample were collected. This was to ensure that sample collected will give accurate results especially for fasting Lipid profiles and fasting blood glucose. The researcher prepared the participants about the study and that the samples collected were purposely to test HBA1C, Lipid profile, Fasting blood glucose and urine for micro albuminuria. Blood in the plain tube for lipid profile sample was spun (separation of cells from serum avoid haemolysis that may affect the results) this is done by centrifugation at 4000 revolution per minute gravity for 4 minutes. Phlebotomist prepared the patients as well and collected the samples as required of him. The samples were transported to the lab using cooler boxes within two hours of collection per the laid standards Operating Protocols. All the laboratory analyses was done at Lancet Kenya Pathology Laboratory using Cobas Integra 400/800plus machine. This is an automated machine with a continuous random -access instrument /analyzer intended for in vitro determination of clinical chemistry for serum, whole blood and urine.
Statistical analyses
Data was entered, cleaned, edited, validated and analysed stored in a Microsoft Excel database then analyzed using Statistical Package for Social Scientists version 20 (SPSS). Descriptive analysis generated frequency tables, descriptive summaries, comparing mean and confidence intervals. Associations between variables were tested using Chi Square statistics. The level of confidence was set at p < 0.05. Qualitative data was analyzed thematically after translation and transcription.
Results
Sociodemographic characteristic of the study participants Table 1 , below summarizes demographic characteristics of the study participants showed a mean age of 54.86 years (SD±10.14; median 54) with a range of 46 years. The youngest respondent was 35 years while the oldest was 81 years. Most patients were in the age groups of 41 to 55 years 45.6% (67) and 56 to 70 years 40.1%(59) with the two age groups accounting for a total of 85.6% of the total population. There were 30.69% (46) males and 69.1% (103) females yielding a male-to-female ratio of 4:9. The majority of the respondents 75.1% (112) resided within Nairobi County which translated to 97.3% (145) being urban dwellers. Over half of the study participants 71.1% (106) were married at the time of the study. Furthermore results indicated that 42.3% (63) had attained secondary school education and 40.2% (60) had attained primary school education. Slightly over half the study participants 53.0 % (79) main occupation was selfemployment and 15.4 % (23) formally employed. The levels of income showed a fairly low income with 63.1 % (94) reporting earnings of less than Kes 10,000 per month. Figure 1 ; below indicate the distribution of duration since diabetes diagnosis. Above half of the participants 53.2% had been diagnosed with diabetes for periods longer than five years. The mean duration since diagnosis of diabetes was 8.09years (SD±6.65; median 6.5) with a median duration of 6.5 years. The lowest duration since diagnosis was 1 year with the highest duration since diagnosis being 28 years. From the grouped duration since diagnosis majority 45.8% (66) were within the group of five years and below.
Duration of diabetes since diagnosis of the study participants
Knowledge score of the study participants Figure 2 , shows the knowledge score from the listed responses per category if a respondent managed to correctly identify at least five of them correctly that respondent was deemed to have good knowledge. From these assumption then a respondent would score a maximum of 15 points. A cumulative score was computed for each of the respondent. From the calculated score the mean knowledge score of 7.15 (SD±3.35; median 6.0). The minimum score recorded was 1 while the maximum score of 15 was realized. Using the median score as the cut-off point the individual knowledge scores were then categorized as good knowledge of causes, symptoms and complications of diabetes. Those who scored 6 and below were classified as having poor knowledge which comprised 51.0% (76) while those who had scored above 6 were classified as having good knowledge 49.0% (73). Figure 3 , below indicate an overall practices adherence score, the respondent answered 'yes' or 'no' to a set of six diabetes management practices questions. Each 'yes' answer was given a score of 1 and a 'no' and/or 'don't know' a score of 0. From these scores a cumulative score was computed for each respondent. A respondent practicing all the seven would yield a maximum score of 6. From the cumulative score, the mean score for practice was 2.26 (SD±1.20; median 3.00). Only a 0.7% of the respondent practiced 5 out of the six recommended while 13.4% practice none of the management practices. The practice score was then used to categorize the respondents as either adhering or nonadhering to diabetes management. Those who scored a score of 5 (above 80% practice score) were categorized as adhering while those with below that were classified as non-adhering. From the practice score only one (0.7%) of the respondents had good practice. Figure 4 , below show thedistribution of co morbidities. From the study population 47.7 %( 71) of the respondents reported to be on medications for other condition other than diabetes. Majority of those on medications for other co-morbidities, 75 %( 51) of them were hypertensive.
Practice scores of the study participants
Medications for co-morbidities of the study participants
Glycemic control in regard to ptimal targets of different body parameter soft he study participants. Table 2 , below shows various the ranges of the various parameters distribution. As indicators of good diabetes management practices various body measures were taken from each consenting participants. All the participants' body weight and height were taken and later used to compute the bmis of the study population. In general the study population had a mean BMI of 27.9 (SD±4.7 kg/m 2 ; median 27.7 kg/m 2) . This indicated that the study population was slightly overweight. When classified into the specific categories only 22.8 %( 34) of the respondents were within the normal ranges of BMI (18.5 to 25 kg/m 2 ) 74.5 %( 111) of the study population had BMI above 25 kg/m 2 and were classified as either overweight or obese. Fasting blood sugar for all the respondents was also done during the visits. The results showed that a mean of 11.5 SD±4.8 (mmol/L) with a median of 4.8(mmol/L).With regard to FBS 90.6 %( 135) had suboptimal target fasting sugars levels above 6.5mmol/l while only 9.4 %( 14) were classified as being within the normal targets. Blood Pressure measurements were also taken and a mean of 129/80 BP measurements were recorded for the entire population. Upon classifying the individual BP readings 69.1 %( 103) and 63.1 %( 94) of the study participants were within the optimal target for diastolic and systolic BP readings respectively. Blood samples collected from all consenting participants were taken to Lancet laboratories for HBA1C test among other biochemical parameters as indicators of glycemic control. An array of test which included HBA1C, lipid profiles and urine for albumin/creatinine ratios were done. The study participants had a mean HBA1C of 9.1% (SD±2.0; median 8.8%).Upon categorization of the HBA1C only 27 (18.1%) of the participants had good glycemic control (<7%) and 81.9 %( 122) had uncontrolled glycemic control of above 7%. The mean total cholesterol was 5.1mmols (SD±1.2mmol/L with 62.4% having optimal levels. With regards LDL 60.4% of the study participants had elevated levels with a mean of 3.0 mmols and 36.9%having elevated Triglycerides with a mean of
Association of HBA1C with demographics and Management practices of the study participants
For the purpose of this study glycemic control was define by measures of HBA1C. For those respondents with HBA1C levels above 7% were classified as having poor glycemic control. As shown in Table 3 below, the study respondents were classified into two groups as either good or poor glycemic control using HBA1C. This was then cross tabulated with various factors deemed to have an influence or effect on the respondents' glycemic control. For all the variables cross tabulated with HBA1C, gender was significantly associated with the glycemic control at with Crude Odds ratio (OR3.029, 95% CI: 1.287-7.129, p=0.010). Respondent's knowledge on causes, symptoms and complications association with HBA1C glycemic control did not show any statistical association (OR=1.117, 95% CI; 0.479-2.606, p=0.486). Education levels of the participants also showed no any statistically significant association at p=0.322). On the other hand neither occupation nor level of income showed any significance with a p=0.985 and p=0.723 respectively. Despite of no significant association between residence and glycemic control, 97.5% of participants residing in urban centers had poor glycemic control (OR=0.647, 95% CI; 0.065-6.475, p=0.55). Though duration of diabetes was not significance, participants who had lived with diabetes for five years and below had poor glycemic control unlike the once living with diabetes for 16 years and above (p=0.587). Using drugs for other co-morbidities was significantly associated with glycemic control with 68% of the participants having good glycemic control while 45.8% had poor glycemic control (OR=2.519, 95%CI; 1.009-6.288, p=0.035). Regardless that blood glucose monitoring was not significantly associated with glycemic control, 33/3% of the participants monitored their glucose levels daily, 26.7 % testing once a week, 33.3% test monthly while 6.7% never test their sugar at home; of those with poor glycemic control 22.5%tested their glucose daily,17.5% weekly, 50% monthly and 10% testing during clinic days (p=0.56). Physical activity was not significant with glycemic control with 61.4% of those who were physically active having poor glycemic control (OR=1.273, 95% CI; 0.545-2.971, p=0.364. Study participants 100% who were found being able to manage low blood sugar had good glycemic control although this was not significantly associated with glycemic control(OR=1.182,95%CI;1.065-1.311,p=0.142). The results showed that 74.1% of participants following the prescribed diet had good glycemic control while 64.1% of the same group had poor glycemic control although this was not significantly associated with glycemic control(OR=0.625,95%CI;0.244-1.600,P=0.226). The proportion of participants without a hotline line number was not significantly associated with glycemic control as remained the same for those with good and poor glycemic control(OR=1.087,95%CI;0.289-4.086,p=0.602). Seventy four percent 74.1% of participants following clinic appointment date had glycemic control while 71.2% had poor glycemic control respectively although there was no statistical significance (OR=0.864,95%CI;0.335-2.232,p=0.483). With regard to monthly medical expenditure the results found out that, (44%) participants with good glycemic control had a monthly medical expenditure of below Kes 1000 as 57.6% with monthly expenditure between Kes 1001 -5000 had poor glycemic control. However there was no statistical significance between monthly medical expenditure and glycemic control (p=0.333). Table 4 , below indicate that there was no significance of both systolic and diastolic blood pressure and glycemic control (OR=1.211, 95%CI; 0.502-2.918, p=0.423) and (1.711, 95%CI;0.639-4.562,p=0.201) respectively although most participants (66.7% and 77.8%) with optimal systolic and diastolic blood pressure had good glycemic control. Serum total cholesterol was not significantly associated with glycemic control (OR=1.508, 95% CI; 0.611-3.733, p=0.252).Out of the study participants 70.4% had good glycemic control while 38.8% had poor glycemic control. The results showed that 63% of the participants with off optimal target LDL had good glycemic control while 61.3% of the same population had poor glycemic control. There was no significance between LDL and glycemic control (OR=0.934, 95% CI; 0.394-2.215, p=0.529). There was statistical significance between fasting blood sugar and glycemic control as 95.1% of participants with elevated fasting sugars had poor glycemic control and 29.6% with fasting blood sugar within target had good glycemic control (OR=8.14, 95% CI; 2.541-26.0810, p=0.001).Surprisingly 72.7% of the participants with optimal levels of HDL presented with poor glycemic control with slightly more than a half of the participants 66.7% having good glycemic control. There was no statistical significance between HDL and glycemic control (OR=1.333, 95% CI; 0.545-3.262, p=0.34). Above 66.7% of participants with optimal serum triglycerides had good glycemic control with 38.2 % of participants having off optimal triglyceride levels having poor glycemic control. There was no significance between serum triglycerides and glycemic control (OR=1.243, 95% CI; 0.515-2.999, p=0.4). With regard to Urine for micro albumin creatinine ratio, 35.5% with moderate to severe levels albumin creatinine ratio had poor glycemic control.
Association of HBA1C with clinical parameters of the study participants
There was no statistical significance between urine for albumin creatinine ratio with glycemic control (p=0.618).
Discussion
With the global burden of Diabetes estimate being 382 million, if no measures is done the figures might rise to 592 by the year 2035 [3] .This study aimed at determining the factors associated with glycemic control among T2DM patients attending Mathari National Teaching and Referral Hospital, Nairobi County.
Socio-demographic and economic characteristics
Majority of the study participants were between the age of 41-55 ; this is in line with other studies that indicated that people in age group of 50-60 years are the majority affected by T2DM [20] .The study further found out that a higher prevalence of poor glycemic control was present in the same age group, those who were married, females gender, those who had attained secondary education, self-employed, and those who lived in urban area, those with three and below number of households members.
It was further detected that a higher prevalence of good glycemic control was exhibited by those of age group of 56-70, married, male, those who had between 4 and 7 household members, primary education, self-employed, those earned 5001-10000 per month, from urban residence.
Glycemic control
In this study overall glycemic control was poor with only 18.1% of the study participants having good glycemic control while 81.9% had HBA1C ≥7% with mean HBA1C was 9.1 % (±2.0). This was higher than others conducted in India that reported 78.6% having ≥7% [21] , Saudi Arabia reporting 78% with HBA1C ≥7% [22] , in Cameroon and Guniea showing 74% of HBA1C ≥7% [23] . Interestingly studies carried out in Germany and Japan showed 45% and 65% respectively having managed to achieve optimal HBA1C targets for T2DM patients. The current findings however was slightly lower compared to ADA Guidelines report [24] that 26.3% of T2DM had good glycemic control.
The difference between the current study findings and that of developed countries (Germany and Japan in this case) could be as a result of knowledge difference of participants between developing and developed countries, lack of uniform guidelines for assessing glycemic control for physicians to set the cut off, and health insurance and the difference in health insurance access and coverage at primary care [25, 26] .
Factors associated with glycemic control
Gender, co-morbidities and fasting blood sugar (FBS) were found to be important factors associated with glycemic control. Poor glycemic control was significantly higher in females than in males which is in line with a previous study [27] where women with T2DM had significantly higher in hba1c levels. Significantly fewer women achieved target hba1c levels of less than 8% compared to men. It further was found in this current study that gender was significantly associated with poor glycemic control although it contrasted with other studies that showed no significant association [28] . Other comorbidities (on other medication) was found to be significantly associated with glycemic control which was in line with the study by [29] . The study findings found a significant association between FBS and glycemic control that was similar to a study done in Chennai [30] .The study further found no significance between BMI and glycemic control although the mean BMI was 27.9kg/m 2 with most participants being overweight or obese. This concurred with a study done in Malaysia [31] With regards to the current study findings, there was no statistical significance between age and glycemic control similar to [32] study that reported the same. Obesity has been reported as a factor associated with poor glycemic control among T2DM may hinder managing and controlling patients' glycemic levels [33] .
The study found no significant association between duration of diabetes, age, LDL, HDL and blood pressure. This was consistent with [34] .Hypertension being a cardiovascular risk factor to T2DM patient, three quarters of the study participants were on antihypertensive which enabled them to attain mean BP of 129/80mm/Hg as per the targets recommended by Kenya National Clinical Guidelines for Management of Diabetes Mellitus 2010.With regards to T2DM, dyslipidemia is a coronary artery disease and macro vascular disorders risk factor and 2-5 fold than in non-diabetic subjects [35] , less than 6 % of the population were on lipids medication although 37.6% and 60.4% had optimal total cholesterol and LDL. 
Conclusions
Based on the discussion from the current study of T2DM patients attending Mathari National Teaching and Referral Hospital, Nairobi County; following conclusions were arrived at;
Majority of the study participants were middle aged, female, living in urban residence, married, Christians, had attained secondary school education, were self-employed and earned less than Kes 5,000 a month. Majority (81.9%), of the study participants had poor glycemic control with a HBA1C mean of 9.1%.Females were more affected than their male counterpart. Majority (75%) of the participants on the current study were being treated for hypertension and 6% on statins (although 37.6%, 60.4%, 71.1% and 36.9% had off optimal levels of TC, LDL, HDL and TGS respectively).
The factors that were of significance in poor glycemic control in the current study were gender, FBS and being on medications for other co-morbidities. Half the participants had good knowledge on diabetes but 99% had poor practice.
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